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Background: Many studies have been conducted on colorectal anastomotic leakage to reduce the inci-
dence of anastomotic leakage. However, how to precisely determine if the bowel can withstand the
pressure of a colorectal anastomosis experiment, which is called anastomotic bursting pressure, has not
been determined.
Method: A task force developed the experimental animal hollow organ mechanical testing system to
provide precise measurement of the maximum pressure that an anastomotic colon can withstand, and to
compare it with the commonly used method such as the mercury and air bag pressure manometer in a
rat colon rupture pressure test. Forty-ﬁve male SpragueeDawley rats were randomly divided into the
manual ball manometry (H) group, the tracing machine manometry pressure gauge head (MP) group,
and the experimental animal hollow organ mechanical testing system (ME) group. The rats in each group
were subjected to a cut colon rupture pressure test after injecting anesthesia in the tail vein. Colonic end-
to-end anastomosis was performed, and the rats were rested for 1 week before anastomotic bursting
pressure was determined by one of the three methods.
Results: No differences were observed between the normal colon rupture pressure and colonic anasto-
motic bursting pressure, which were determined using the three manometry methods. However, several
advantages, such as reduction in errors, were identiﬁed in the ME group.
Conclusion: Different types of manometry methods can be applied to the normal rat colon, but the
colonic anastomotic bursting pressure test using the experimental animal hollow organ mechanical
testing system is superior to traditional methods.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.Anastomotic leakage is a serious complication of colorectal
surgery.1,2 Colorectal anastomotic leakage usually occurs 5e7 days
after the surgery, with mortality rates as high as 32%.2,3 Many
studies have been conducted to clarify the factors affecting colo-
rectal anastomotic leakage and reduce its incidence.2e6 However,
no equipment has been developed to effectively determine the
consistent anastomotic stoma rupture pressure that a colorectal
anastomotic stoma can withstand.6e8
Mercury and balloon pressure manometry are the most com-
mon methods used; however, they are inconvenient and suscepti-
ble to major experimental errors.6,8 Our group investigateddical Laboratory Animal and
of this thesis is experimental
ciates Ltd. Published by Elsevier Ltnonsteroidal anti-inﬂammatory analgesic drugs for experimental
rat colonic anastomotic healing. We developed the experimental
animal hollow organ mechanical testing system to accurately
measure the maximum pressure that an anastomotic colon can
withstand.
We used this test system and compared it with two traditional
pressure test methods to derive an optimal manometry method
and to provide more objective and more accurate data from
experiments.1. Methods
Forty-ﬁve 10- to 12-week-old speciﬁc pathogen-free male
SpragueeDawley rats (body weight 225 6 g) with license number
SCXK (Shanghai) 2007-0005 were obtained. The animals were
maintained in a barrier system at a temperature of 20e22 C and
relative humidity of 65%. The rats were exposed to an alternatingd. All rights reserved.
Fig. 1. Pressure test system.
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riﬁed water and high protein feed.
They were allowed to adapt to the environment for 1 week and
were randomly divided into the manual ball manometry (H) group,
the tracing machine manometry pressure gauge head (MP) group,
and the experimental animal hollow organ mechanical testing
system manometry (ME) group. There were 15 rats in each group,
and no signiﬁcant body weight difference was observed among the
three groups.
The rats were fasted for 48 h before anesthesia and surgery.
Midazolam (batch number: H19990027, Jiangsu En China Phar-
maceutical Co., Ltd.) was administered as an anesthetic through the
tail vein, followed by 1 mg/kg fentanyl (batch number: H42022076,
Yichang people Fu-Pharmaceutical Co., Ltd.) The abdomen was
disinfected with 2% iodine using sterile shop towels. A 2.0-cm
incision was made in the upper mid abdomen, and approximately
2.0 cm of rat colon was cut 3.0 cm from the cecum. Injury sutures
(0/7; Johnson & Johnson; Shanghai, China; Medical Devices Co.,
Ltd.) were used for colon end-to-end anastomosis with 12e14
needles. Full-thickness sutures were used on the abdominal wall
muscle and skin with No. 1 silk. Attention was paid to protect the
colon vascular arcades and prevent sepsis during surgery. The cut
colon was immediately rinsed of colon contents using saline.
After surgery, the rats were fasted for 24 h and then allowed to
recover for 1 week. Subsequently, they were anesthetized again, as
described above, and colonic anastomotic bursting pressure was
measured in each group using one of the three methods.
Bursting pressure in the H and MP groups was measured using
an ordinary sphygmomanometer (Shanghai Medical Instruments
Co.) and pressure gauge (Shanghai Medical Instruments Co.).
The experimental animal hollow organ mechanical testing sys-
tem (national invention patent application number:
201210191441.5) included a double-pass pipe, a tee, pressurized
modules, and a pressure detection recording module (test
recording software and a computer). The tee connected the double-
pass pipe to the pressurized module and pressure detection
recording module, while the other end was connected to the tar-
geted tissue. Fig. 1 shows the pressure test device.
The pressure detection recording module included a pressure
sensor, data acquisition card, and pressure data display instrument.
The pressure range of the system can be designed according to the
experimental needs. The experimental rat colon pressure was 0e
0.2 MPa, which was obtained from a pilot study. The pressure
sensor signal output terminal was connected to the input terminal
of the data acquisition card, and the output terminal of the data
acquisition card was connected to the pressure data display in-
strument. The pressure data display instrument included an inpute
output unit, a control unit, a storage unit, and a display unit. The
inputeoutput unit, storage unit, display unit, and master control
unit were connected to the inputeoutput unit and the output ter-
minal of the data acquisition card. The master control unit included
pressure curves of the detecting unit in the subunit and amaximum
pressure value. The pressure curves of the subunit and maximum
pressure value detection unit were respectively connected to the
inputeoutput unit, storage unit, and display unit. The pressure
curves of the subunit were obtained in real-time from pressure
values in the inputeoutput unit and were drawn in a coordinate
plane. The coordinate plane was displayed by the display unit. The
maximum pressure value was obtained from the inputeoutput unit
in real-time, and themaximumpressure valuewas displayed by the
display unit. Fig. 2 shows the functioning of the manometry system.
Manometry device quality testing was conducted by the
Shanghai Bureau of Quality and Technical Supervision and
Correction. The detection numbers are as follows: Shanghai (12)
7101496, 7101427, and 7101462.The H group: one end of an ordinary sphygmomanometer was
connected with the cuff to one end of the cut rat colon, and the
other end of the colon was connected to the fourth ligature. The
intestine was placed in a container ﬁlled with saline, and the
manometry ball was used to control the rise in mercury by
approximately 1 kPa/s to prevent the pressure from rising too fast
and suddenly bursting the intestine. The bursting pressure was
observed as leaking bubbles corresponding to the mercury pres-
sure, which was the measured intestinal resistance value.
The MP group: The rat colon that was cut during surgery was
connected to one end of the tee on the pressure test system with
the air pump, and the other end of the colon was connected to the
fourth ligature. The colon was placed in a container ﬁlled with sa-
line. The tee was connected to the pressure gauge, and the gas
pump pressure was increased until the leak burst. The pressure on
the pressure gaugewas considered as the bowel resistance pressure
value.
The ME group: the rat colon that was cut during surgery was
connected to the double-pass pipe on the pressure test system, and
the other end of the colonwas connected to the fourth ligature. The
colon was placed in a container ﬁlled with saline, the unit was
turned on, and gas pump pressure was increased until the colon
burst. The maximum pressure value and colon rupture pressure
was displayed in real-time on a computer screen, and the time
curve was saved electronically.
The experimental results were analyzed using SPSS 13.0 statis-
tical software (SPSS Inc., Chicago, IL, USA). Results are expressed as
mean  standard deviation. A P value of <0.05 was considered
signiﬁcant.2. Results
Normal colon rupture pressure before surgery and colonic
anastomotic bursting pressure measured after surgery in the three
groups of rats are shown in Table 1. To reﬂect the details of the data,
the maximum and minimum values of each group are listed in
Table 2. No signiﬁcant differences were observed between the
normal colon rupture pressure and colonic anastomotic bursting
pressure for the three groups. However, the minimum standard
deviation occurred in the ME group followed by the MP group,
whereas the maximum standard deviation occurred in the H group.
Fig. 3 shows the interface for real-time recording of results ob-
tained using the experimental animal hollow organ mechanical
testing system. Fig. 4 shows the curve for real-time colonic pressure
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Fig. 2. Manometry system.
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3. Discussion
Colonic anastomotic healing is inﬂuenced by many factors, such
as anastomotic bursting pressure and anastomotic stoma tensile
strength.6e8 We compared manometry methods for testing labo-
ratory rat normal colon and anastomotic colon bursting pressures.
The results among the groups were not signiﬁcantly different, but
we believed that the experimental animal hollow organmechanical
testing system resulted in more objective, accurate, and stable
results.Table 1
Three groups of rats with normal colon and colonic anastomotic bursting pressure
comparison (standard deviation).
n Normal colon
rupture pressure (kPa)
Colonic anastomotic
bursting pressure (kPa)
Manual ball
manometry group
15 38.15  7.01 27.14  7.38
Experimental
animal hollow
organ mechanical
testing system
manometry group
15 41.05  4.17 29.18  5.29
Tracing machine
manometry
pressure gauge
head group
15 39.74  5.18 28.26  6.62
F value 1.834 2.713
P value 0.237 0.112
Table 2
The maximum and minimum values of normal colon rupture pressure and colonic
anastomotic bursting pressure for the three groups of rats.
Manual ball
manometry
group
Experimental animal
hollow organ
mechanical testing
system manometry
group
Tracing machine
manometry
pressure
gauge head
group
Max Min Max Min Max Min
Normal colon
rupture
pressure (kPa)
49.94 29.91 46.76 34.61 47.21 30.63
Colonic anastomotic
bursting
pressure (kPa)
41.05 18.26 36.71 21.07 39.56 19.46The manual ball manometry method is relatively simple. How-
ever, but biased results are its biggest drawback, as different testers
may detect different heights of themercury column; the timewhen
the intestinal rupture occurs and the actual reading of the pressure
data may be different. Furthermore, ball pressure is controlled
manually; thus, it is difﬁcult to increase the pressure uniformly,
which results in mercury ﬂuctuations. Furthermore, it is easy to
exert too much pressure and cause an intestinal rupture at a
pressure more than the intestine can withstand, resulting in a
deviation.
Although inﬂation pressure is relatively uniform with a
manometry machine using pressure gauge head plethysmography,
this method relies on the observer’s eye to detect the colon rupture.
Furthermore, the sensitivity of the pressure gauge also determines
the accuracy of the experimental data.
The advantages of the experimental animal hollow organ me-
chanical testing system are the following: (1) use of a pump allows
for a slow increase in output pressure and avoids using a balloon for
output pressure, which improves reliability of the experimental
results; (2) the pressure detection recording module monitors the
real-time recording of pressure data and displays the data on a
computer screen; and (3) the system produces a pressure vs. time
graph in real-time and displays the maximum pressure value
immediately before the rupture pressure peak. Thus, rupture
pressure and the experimental results can be stored and displayed.Fig. 3. Experimental animal hollow organ mechanical testing system test results
recording interface.
Fig. 4. Rat colon real-time pressure curve.
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system” includes a double-pass pipe, tee, a pressurizedmodule, and
a pressure detection recording module. The entire pressurized
process and measurement of changes in pressure are conducted in
real-time by pressure sensors and a data acquisition card, and the
system performs computer tracings and monitoring at the same
time. This system accurately captures changes in pressure at any
point in time.
The study has some limitations. It was difﬁcult to standardize
the study results because the limited number of rats used in the
experiments and the difference in the surgical skillset of the
different researchers involved in the study might have generated
bias. Moreover, the results of this study which involved rats cannot
be applied directly to the human body. In short, although the three
manometry methods used in this study revealed no differences in
the results of the rat colon rupture pressure tests, the experimental
animal hollow organ mechanical testing system had several ad-
vantages such as reduction in errors during stress testing, simpli-
ﬁed data collection, and real-time recording of bursting pressure.
This test system can also be widely used to detect pressures in
hollow organs of experimental animals.
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